Introduction
Microspheres can be defined as solid, spherical particles ranging in size from 1 to 1000 μm [1] . They are made of polymeric, waxy or other protective materials such as starches, gums, proteins, fats and waxes and used as drug carrier matrices for drug delivery. Albumin and gelatin are among the natural polymers which are used in preparation of microspheres. The synthesis and use of Albumin microspheres to improve the efficiency of therapeutic drugs has been the topic of many reviews [2] [3] [4] [5] . Albumin is a major plasma protein constituent, accounting for ~ 50 %of the total protein in human plasma [6] . Since they were first described by Kramer [7] , Albumin microspheres have been extensively investigated in controlled release systems as vehicles for the delivery of therapeutic agents to local sites. The exploitable features of Albumin include its reported biodegradation into natural products [8] , its lack of toxicity [9, 10] and its nonantigenicity. Albumin microspheres are metabolized in the body, and the size of particles, degree of stabilization and site of metabolism are the main factors influencing the extent of metabolism [8] . Drug release from the microspheres can be widely modulated by the extent and nature of crosslinking, size, the position of the drug and its incorporation amount in the microspheres [11] . Colloidal forms of Albumin have been considered as potential carriers of drugs for their site-specific localization or their local application to anatomically discrete sites [12] . Albumin has been used as a carrier for targeting drugs to tumors and since the synovium of the rheumatoid arthritic patients shares various features observed in tumors. Albumin-based delivery systems can be used to target drugs to the inflammated joint. Intravenous administration of the drugs coupled with Albumin has been reported to improve the targeting efficiency of the drug to arthritic regions [13] . The circulation halflives of the drugs have been reported to dramatically increase when the drug is conjugated with albümin [14] . Increasing the circulation half-life of the formulation by reducing its uptake by the reticuloendothelial system has been shown to improve the targeting efficiency of the formulation to the arthritic paws of rats [15] . There are several reports on the use of long circulating liposomes to target the drugs to the arthritic joints [15, 17] . However, there are only a few reports on the use of microspheres for targeting the drugs to the arthritic joints. More than 100 therapeutic and diagnostic agents have been incorporated into Albumin microspheres and drugs of various therapeutic categories such as nifedipine [18, 19] , mitoxantrone [20] , dexamethasone [21] , salbutamol sulfate [22] have been prepared and characterized as Albumin microsphere delivery systems. Two methods have been developed for the preparation of Albumin microspheres which include heat stabilization and chemical cross-linking by using GA [23] .
GA is one of the most common dialdehydes used to crosslink bioprostheses and proteins. The aldehyde group reacts with a primary amine to form a Schiff base. In comparison to other aldehydes, GA reacts relatively quicker and is able to span various distances between amino groups both intra-and intermolecularly. In addition, it yields chemically, biologically, and thermally more stable cross-links [24] . Ketoprofen, 2-(3-benzoylphenyl) propionic acid, is a widely used non-steroidal anti-inflammatory drug (NSAID) for the treatment of rheumatoid arthritis and osteoarthritis as well as in the treatment of various other painful inflammatory states. After peroral administration ketoprofen is readily absorbed from the gastrointestinal tract, exhibiting a short biological half-life of 1-2 h. Like other NSAIDs ketoprofen has been found to cause local adverse effects in the gastrointestinal tract. Therefore, ketoprofen is a candidate for controlled drug delivery. Sustained release of ketoprofen has been achieved by cellulose-acetate butyrate-polystyrene microcapsules using a complex emulsion technique [25] and encapsulation with ethylcellulose by o/w solvent evaporation method [26] . Several types of Eudragit also were used in solvent evaporation process to yield ketoprofen-containing microcapsules [27, 28] . In the present study, Albumin microspheres were prepared by the emulsion polymerization technique in order to study the influence of varying preparation parameters and the release profile of the ketoprofen loaded Albumin microspheres. After examination of all formulation parameters on the microsphere properties, the optimized batch was selected and in vitro study was performed.
Materials and Methods

Chemicals
BSA (Bovine Serum Albumin) (Sigma), GA (J.T.Baker), Diethylether (Merck), Ketoprofen, Olive oil (Komili).
Preparation of Unloaded Microspheres
Albumin microspheres were prepared by using emulsion polymerization technique. A number of variables were studied affecting size and shape. Briefly, a weighed amount of BSA (25-75 mg) was dissolved in distilled water (0.25 ml). This solution was then added to 25 ml olive oil which was continuously stirred at various stirring rates (150-14000 rpm) at room temperature of 25°C. Stirring was continued for 5 min to obtain a water/oil (1:100) emulsion. Different ratios (0.1-3%) of GA (25%, w/v) were added into the emulsion to crosslink the Albumin present in the internal phase of the emulsion. Stabilization process was continued at various stabilization times (30-180 min). Microspheres were formed then separated by centrifugation and washed with 30 ml of diethyl ether to remove excess GA and the olive oil. The percentage yield of microspheres were calculated using the below mentioned formula.
Percentage Yield = (Practical Yield / Theoretical Yield) × 100 (Eq. 1) The prepared microspheres were then characterized for their various properties.
Drug Loaded Microsphere Preparation
The Albumin microspheres containing ketoprofen were prepared by the same method which was described above. After determining of optimal conditions, BSA (25 mg) and ketoprofen (0.25 mg) were dissolved in PBS buffer (0.25 ml, pH 7.4). This solution was added to 25 ml olive oil which was continuously stirred at 1000 rpm at the room temperature. The resulting microspheres were stabilized using 0.25 ml GA solution (25%, w/v) for 30 min. After the stabilization process, the microspheres were centrifugated and washed with anhydrous diethylether in order to remove excess GA and the olive oil.
Characterization of microspheres
Surface Morphology of Microspheres
Microspheres were charactherized firstly by inverted optical microscope (Leica microsystems, DFC 295). Scanning electron microscopy (SEM) of the Albumin microspheres was performed to examine the surface morphology. The microspheres were mounted on metal stubs and then coated with gold. Photomicrographs were taken using a Jeol scanning electron microscope (SEM JEOL JSM-5910 LV).
In Vitro Release
An incubation method was used for investigation of in vitro ketoprofen release from the Albumin microspheres. Ketoprofen loaded microspheres (25 mg) were suspended in 10 ml of PBS (pH 7.4) and then immersed with agitation in a laboratory shaker. At various time intervals, samples (1 ml) were withdrawn and replaced by an equal volume of fresh medium. The absorbance values of the samples were measured (LABOMED, Inc. Spectro UV-vis double) at 260 nm [29] . The absorbance of ketoprofen in phosphate buffer (PBS) shows a maximum at 260 nm [30, 31] . The concentration of ketoprofen released from the networks was expressed as a percentage of the total ketoprofen available and plotted as a function of time. Each value was given as the average of the three experimental results.
Determination of Unloaded Microsphere Degradation
The hydrolytic degradation of Albumin microspheres was investigated PBS (pH 7.4 at 37 o C) by weight losing method. 25 mg unloaded Albumin microspheres prepared at optimum conditions were incubated in 10 ml of PBS. Samples were collected every 24 hours for a period of 30 days. Microsphere degradation was measured by centrifugation of suspension and weighing the precipitate. 
Results and Discussion
Synthesis of Microspheres
An emulsion crosslinking method was used to prepare the microspheres. Albumin was dissolved in distilled water. The method involved the formation of small droplets of aqueous Albumin in natural oil. Being a soluble polymer, Albumin has to be chemically crosslinked to become insoluble at 37 o C. GA is used as the crosslinking agent and sabilizer to obtain rigid and stable microspheres.
Albumin was selected as a natural matrix material for its biocompatibility, lack of toxicity, nonantigenicity and ability to control the physicochemical characteristics of microspheres produced, depending on the crosslinking method and characteristics of crosslinking agent [32] . The yield value of the microspheres ranged from 90%to 99%. The yield depends on the stabilization period and the concentration of crosslinking agent used for the preparation process [33] . At high GA concentrations, a slight decrease was observed. In the presence of low GA concentration, the yield value increased.
Morphology and Size Distribution
Albumin Concentration Effect
As the concentration of Albumin increases, the viscosity of the aqueous phase increases as the resistance to deformation and disintegration under shear increases. Thus, for a given shear rate, the droplet size is expected to increase as the viscosity of dispersed phase increases. In addition, as the concentration of Albumin increases, more particle forming material is available.
The particle size of the Albumin microspheres at optimum conditions ranged from 2 to 25 µm. The microspheres were photographed by an optical camera (Fig 1-4) and as it is shown microspheres are spherical with quite smooth surfaces.
At low concentration of Albumin (below 0.1 mg.ml -1 ) no microsphere product was obtained. By increasing the Albumin concentration (Fig 1) the mean particle size of microspheres increased. This finding is in accordance with other researcher group [34] . This observation may be attributed to an increase in the viscosity of the dispersed phase, making the coalescence of emulsified dispersed droplets easier.
In this study 0.1 mg.ml -1 Albumin concentration was selected. Because, Albumin amount was found satisfactorily enough and economical for the preparation viewpoint.
Stirring Rate Effect
The effect of stirring rate on 0.1 mg.ml -1 was evaluated. The results of stirring rate on the particle size are shown in Fig. 2 . It can be seen that by increasing the rate of stirring, the mean size of microspheres decreased. A similar result has been reported elsewhere [34] . This was expected, because high stirring rates provide the sheering force needed to separate the oil phase into smaller droplets.
As the stirring rate decreased below 1000 rpm (150-850 rpm) it is seen that size distribution becomes wider. As the stirring rate increased above 1000 rpm no significant effect on particle size and size distribution was seen. The particle size of the Albumin microspheres ranged from 7 to 21 µm at 1000 rpm stirring rate. Comparatively narrow size distribution may be due to the lower viscosity of the external phase, which offered less resistance to the spheres formed. The maximum particle size at 1000 rpm stirring rate was below 30 μm. The particle size distribution observed is similar to that required for intramuscularly administered products [35] . 1000 rpm stirring rate was selected as the optimum stirring rate and studies were maintained with this parameter.
Crosslinker Effect
In order to evaluate the effect of the crosslinking agent GA concentration to the particle size and also to enhance the mechanical properties of the microspheres GA was used in different concentrations. Albumin microspheres were prepared at 0.1 mg.ml -1 Albumin concentration, 1000 rpm stirring rate and GA concentrations were ranged srom 0.1 to 3%.
GA which has a wide spectrum of industrial, scientific and biomedical applications, was used as the crosslinking agent in this study. GA has two potential sites for crosslinking action. GA could create links between Albumin chains. However, some toxicity problems may be associated with its use. It is irritant to skin, eye and the respiratory tract [36] . Longterm exposure to 100 ppb GA vapor (5 days a week for 78 days) causes respiratory tract lesions including hyperplasia of squamous epithelium, necrosis and exfoliation of epithelial cells and granulocytes [37] . Therefore, it is important to use GA at minimum concentration to avoid health problems. The increase in particle size as the stabilizing agent concentration decreases is documented and generally accepted in the literatüre [38, 39] . The particle size is directly related to the viscosity of the dispersed phase and inversely proportional to the viscosity of the continuous phase and the concentration of stabilizing agent [40] . The GA concentration controls microsphere crosslink density and therefore swelling, drug entrapment, and release characteristics [41] . The crosslinking reaction with GA occurred at room temperature in aqueous media without requiring another chemical compound to activate the reaction. It was observed that Albumin microspheres exhibited wide size distribution at low GA concentrations (0.1-0.2%). In the precence of higher GA concentrations above 1%, microspheres lost their smoothness. It was seen that the surface morphology of the microsphere becomes rougher. This finding is in agreement with the other research group [42] . Therefore, 1% GA concentration was selected to obtain more stabile and with narrow size distribution as optimum crosslinker amount.
Crosslinking Time Effect
It has been reported that the particle size and release characteristics of the microspheres could be controlled by changing the type and concentration of crosslinking agent as well as crosslinking time. Since, GA is responsible for the formation of crosslinks, increasing the amount of GA and the crosslinking time will increase the polymer density. It was observed that the size of the microspheres increased with the increase in crosslinking time. The similar results has been reported by another researchers [33] . As it can be seen from Fig 4, size of the microspheres increased with the increase in crosslinking time from 30 min to 180 min The microspheres had mean diameters in between 7-30 μm which more than 75 % were above 25 μm at 60 min, 120 min and 180 min. At 30 min microsphere size ranged from 2-25µm. Fig. 5 . shows the morphological characteristics of Albumin microspheres. The SEM photomicrographs of the microspheres reveal that they are spherical, nonporous and uniform with a smooth surface. It was reported that microspheres obtained from natural polymers are not perfectly spherical because of the variations in molecular weight and other properties of the polymer [43] . It was observed that prepared microspheres are spherical with quite smooth surfaces. This result may be because of the low viscosity of olive oil, which was the external phase. The microspheres formed may not have experienced much resistance from the dispersion medium due to the low viscosity. The surface morphology of the microspheres prepared by using 0.1 mg.ml -1 Albumin concentration, 1000 rpm stirring rate, 1%GA and 30 min crosslinking time, was smooth and having a particle size distrbution in the range 2-25 µm. All these results indicate that the particle size of microspheres can be modified by varying the factors such as Albumin concentration, stirring rate, crosslinking amount and duration of stabilization.
Surface Morphology of Microspheres
In Vitro Release Profile
Ketoprofen release from the Albumin microspheres is depicted in Fig.6 . The profile displayed a biphasic release pattern characterized by an initial fast release (burst effect), followed by a slower release. The initial phase was completed within 60 min. The first burst effect is due to dissolution of ketoprofen incorporated near the surface of the particles. Besides, small size microspheres (those in the size range of 1-5 μm) which might be due to the fact that smaller particles offered more surface area to release the drug. The amount of drug released from microspheres after 180 min was 33%. The total content of ketoprofen encapsulated (100%) was released within 24 h.
Conclusion
Albumin microspheres could be prepared with various particle sizes. Their characteristics could be controlled by applying different parameters such as Albumin concentration, stirring rate, crosslinking amount and crosslinking time. The size of microspheres and their drug content determine the rate and pattern of drug release. Desired drug release rate could be obtained by varying the compression force and the amount of drug loading.
In conclusion, with the use of Albumin, it can be possible to design a biodegradable controlled drug delivery system. By variation of the preparation parameters, the release pattern might be modified in such away that a better mode of ketoprofen therapy can be achieved. Additionally, local gastrointestinal side effects are thought to be reduced by sustained release of ketoprofen and also in vivo experiments have to be studied.
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